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Research on Process Optimization of L-Shaped Lithium Niobate Metasurfaces

YAO Xueying', CHANG Wenyao"z, GUO Zirui', LI Jianmei'", GUO Yangz, GU Changzhiz*
(1. School of Science, Yanshan University , Hebei 066000, China; 2. Beijing National Laboratory for Condensed Matter Physics,
Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract Lithium niobate on insulator (LNOI) combines the excellent linear and nonlinear optical properties
of lithium niobate (LiNbO;) crystals with advantages of facile photonic device processing and integration, and is
considered as one of the potential platforms for integrated optics. In this study, we fabricated an L-shaped LNOI
metasurface structure by an inductively coupled plasma reactive ion etching system (ICP-RIE) system, and proposed
an optimization strategy to enhance the traditional process. The method involves correcting the exposure pattern to
precisely control the L shape, reducing the coating rate to improve mask density and uniformity, and adjusting
etching gas composition by introducing hydrogen to eliminate the by-products of the sample. The experimental
results show that this optimized process significantly improves the surface flatness of the L structure, increases the
sidewall steepness, and ensures the dimensional conformity with the theoretical design. The second harmonic
generation (SHG) intensity is approximately five times higher than that of LNOI. This study promotes the
development of the preparation and integration technology of lithium niobate crystal optical components.

Keywords Lithium niobate, Meta atoms, Nonlinear metasurfaces, Micro and nano fabrication techniques
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Fig. 1 Schematic diagram of induction coupling plasma-reac-

tive ion etching system
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Fig. 2 Flow chart of the nano-manufacturing process for LN-

MS. (a) Electron Beam Resist Spin-coating (EBR-SC),
(b) electron Beam Lithography (EBL), (c) electron Be-
am Deposition (EBD), (d) lift-off, (e) etching, (f) re-

move mask
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Fig. 3 SEM images of the L-shaped structure before process
optimization. (a) Top view of the sample, (b) top view of

the sample at a 45° tilt
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Fig. 4 Comparison of SEM images before and after exposure

pattern correction. (a) Top-view of the sample without
corrected exposure, Inset: The initially input L-shape
and its dimensions, (b) top-view of the sample with cor-
rected exposure, Inset: The shape and dimensions of the

optimized exposure pattern
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Fig. 5 Comparison of SEM images before and after reducing
the coating rate. (a) Top view of the sample with a rela-
tively fast coating rate, (b) top view of the sample after

reducing the coating rate
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Fig. 6 Comparison of SEM images before and after the addi-
tion of hydrogen. (a) Oblique top view of the sample at

an angle of 45° without hydrogen added, (b) oblique top

view of the sample at an angle of 45° after hydrogen ad-

dition
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Fig. 7 SEM images of the L-shaped structure of the sample af-

ter process optimization. (a) Top view of the sample,

(b) oblique top view of the sample at an angle of 45°
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Fig. 8

The nonlinear optical properties of the L-shaped LNMS. (a) The calculated transmission spectrum of the L-shaped LNMS,

(b) the experimentally measured transmission spectrum of the LNMS, (c) the dependence of the second-harmonic intensity on

the polarization angle for the LNMS (red dots) and LNOI (black squares), (d) log—plot power dependence of the SH signal with

a pump power ranging from 1 mW to 10 mW, and the fitting slope is approximately 2. The number of SHG photons indicate a

squared relationship with the increasing excited average pump power (as shown in the left inset)
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